The number of known inherited metabolic disorders resulting in an organic aciduria has increased steadily over the past two decades. Prompt and reliable detection is both clinically and technically demanding but is essential if appropriate treatment is to be undertaken. This is the first study of laboratory performance in the detection of these disorders to be undertaken in the UK. Some conditions were accurately identified by most laboratories: for example for maple syrup urine disease, 12 of 14 laboratories provided an appropriate response and medium chain acyI-CoA dehydrogenase deficiency was correctly identified by 15 of 17 laboratories. However, accuracy of detection was poorer for other conditions: for example, only eight of 17 laboratories detected tyrosinaemia type 1 and nine of 18 laboratories detected 4-hydroxybutyric aciduria.
SUMMARY. The number of known inherited metabolic disorders resulting in an organic aciduria has increased steadily over the past two decades. Prompt and reliable detection is both clinically and technically demanding but is essential if appropriate treatment is to be undertaken. This is the first study of laboratory performance in the detection of these disorders to be undertaken in the UK. Some conditions were accurately identified by most laboratories: for example for maple syrup urine disease, 12 of 14 laboratories provided an appropriate response and medium chain acyI-CoA dehydrogenase deficiency was correctly identified by 15 of 17 laboratories. However, accuracy of detection was poorer for other conditions: for example, only eight of 17 laboratories detected tyrosinaemia type 1 and nine of 18 laboratories detected 4-hydroxybutyric aciduria.
The strongest correlation with good performance was obtained by comparison with the extent of peak identification: r = O·62, P = O' 002. The need for regular attendance at scientific symposia was also supported by a weaker positive correlation with the average score achieved, P = O'08. Evidence also suggested that some of the laboratories with a low workload performed less well. No significant difference in performance could be demonstrated between the 17 laboratories who used gas chromatographymass spectrometry and the six participants who used gas chromatography alone.
Additional key phrases: organic acidurias; quality assurance Isovaleric acidaemia was described by Tanaka in 1966 1 and became the first of a group of disorders collectively known as the organic acidurias. Since then, there has been a steady increase in the number of disorders within this group and in the number of individuals affected." By the mid-I980s over 30 disorders had been recognized and their collective incidence probably ranges from one to two per 10 000 live births. In the Trent Health Region over the last 2 years we have identified 14 cases (Table 1) equivalent to an incidence of 1:9000 live births. These conditions can be life-threatening but may respond to dietary treatment of cofactor supplementation and, therefore, early recognition is most important. Even in the event of death, accurate diagnosis may still be required to provide the basis for informed genetic counselling and pre-natal diagnosis.
Correspondence: Dr J R Bonham. It is essential that all individuals with a suspected disorder are satisfactorily investigated. However, several factors conspire to make their clinical and laboratory detection quite difficult, including: unfamiliarity with the clinical and biochemical features of these relatively rare conditions; the episodic excretion of abnormal metabolites in the urine associated with some disorders, the low concentration of the pathognomonic metabolites excreted in some cases; and the use of inappropriate laboratory techniques.
To compound these difficulties urinary organic acid analysis is frequently performed only once in a particular patient, often in an emergency situation where only a small volume of urine may be available. It is necessary, even in these circumstances, to provide a rapid and reliable result. Consequently, all centres offering this service should be confident that the techniques which they employ will provide adequate analytical information and that the findings are satisfactorily interpreted.
Techniques used in organic acid analysis include: high-performance liquid chromatography (HPLC),3 gas chromatography (OC; packed column or capillary) and gas chromatographymass spectrometry (OCMS). Although solid phase extraction prior to OC and OCMS analysis has been described.! the most common approach is solvent extraction of acidified urine" and subsequent derivitization of the dried extract to form trimethylsilyl-or methyl-derivatives, with most users choosing silylation as a safer alternative ( Table 2 ). The workload may vary from under 100 samples per year in non-specialist laboratories to over 1000 samples per year in regional or national centres. Quality assessment schemes for organic acid analysis have not operated previously in the UK and in this report we describe the results of a pilot scheme. The aims of this scheme were: (v) To provide information on which recommendations for good practice could be based.
DESIGN OF THE SCHEME
During the year of operation of the pilot scheme (1992),23 participants enrolled in the scheme (20 from within the UK and three from overseas laboratories). Each participant was asked to complete a method questionnaire providing information about the analytical system used, methods of sample extraction and derivatization, workload and types of samples analysed. Four sets of samples were circulated in the year of operation of the scheme. Each set comprised 2 mL aliquots of three heat treated (60°C for I h) urine samples. Surplus diagnostic urine samples were utilized from children with proven organic acidurias in whom organic acid analysis had been performed for diagnostic purposes. In all cases, the urines chosen showed a florid excretion of indicative metabolites and distinct excretion of pathognomonic metabolites where appropriate. Surplus normal urine samples from children who had previously undergone investigation to exclude a metabolic disorder and in whom this possibility had been discounted were also included. Clinical details were supplied based upon the presenting symptoms in previous cases of the same type of disorder or, in the case of the normal urines, from clinical details frequently cited in conjunction with requests for organic acid analysis. correlation on the basis of the Spearman rank test, P=0'OO2, r=0'62 ( Fig. 1) .
(2) Attendance by at least one member of the laboratory at the Annual Conference of the Society for the Study of Inborn Errors of ·Most participants who identified an abnormality did not speculate about the underlying cause, referring only to 'a defect of long chain fatty acid oxidation' only three participants specifically mentioning the possibility of 3-hydroxyacyl CoA dehydrogenase deficiency. Long chain fatty acid oxidation defect" Methylmalonic aciduria Normal UK, samples were sent in leak proof containers by first class post and overseas samples were sent by air mail or postal courier.
Sample
The samples to be included in the scheme were analysed by the organizing laboratory on three occasions: (I) before heat treatment, to ensure that the sample was suitable for distribution; (2) following heat treatment, to exclude the possibility that changes had resulted from this procedure; and finally (3) following incubation at room temperature for 3 weeks, to simulate the worst possible transit delay.
Participants were asked to report on the samples within 3 weeks of receipt in the manner normally employed by their laboratory. In addition, the participants were asked to return an annotated total ion chromatogram or GC trace. Following the return of the reports for each set of samples a summary of the returns was sent to each participant with additional comments where technical or interpretative difficulties had arisen. A fully annotated total ion chromatogram together with the interpretation offered by the organizing laboratory was also included.
In order to permit the assessmentof performance versus analytical and other variables, a scoring system was devised. Scores were allocated per sample return on the following basis: satisfactory return (score 2); helpful but incomplete (score 1); unhelpful (score 0); misleading (score -2). These were summed to give a score per return for each distribution: the maximum possible score was therefore six for the three samples which comprised each set.
RESULTS
The participants included 17 laboratories using GCMS and six using GC alone; all laboratories used solvent extraction and all but one subsequently formed trimethylsilyl derivatives. Twelve laboratories formed oximes prior to extraction on a routine basis or where this was considered desirable in individual cases. A summary of the methods and equipment used are shown in Table 2 .
The proportion of returns offering an appropriate interpretation of the urines sent (scored 1 or 2) is shown in Table 3 . The average score per circulation for each participating laboratory was also determined and correlated against certain variables:
(1) The total number of peaks annotated per sample set. This showed a highly significant Metabolism in 1992. This conference was taken to be the most representative and best attended annual symposium in the field of inherited metabolic disorders accessible to those working in the UK. Attendance by UK participants at this meeting showed a weak correlation in favour of delegates on the basis of Student's r-test assuming unequal variance, P=0'08, mean score for the nine non-attenders = 3' 1, mean score for the 10 attenders = 4·4.
(3) The workload in terms of samples per year. This did not show a significant correlation with score on the basis of the Spearman rank test, P= 0'12, r= O' 34. However, poor performance, associated with an average score of less than three, was found only among those participants who performed 500 or fewer analyses per year (Fig. 2) .
(4) The use of-GC versus GCMS. Six laboratories used GC alone and 17 used GCMS. There was no significant difference between groups on the basis of Student's r-test assuming unequal variance, P = 0·56.
CONCLUSIONS
Several problems make the confident identification of organic acidurias difficult. These include: relatively minor excretion of key metabolites in some disorders; the episodic excretion of important metabolites which are often absent when the child is well; the continuing rapid expansion in the number of conditions recognized; and the marked variation in biochemical expression of many well known disorders.
This study was performed on samples with clearly abnormal metabolite excretion and Ann Clin Biochem 1994: 31 highlights the problems encountered even by specialist centres using GCMS. In particular, it is evident that scrupulous attention to detail is required and that the extent of peak identification is a key factor in ensuring good analytical performance. In addition, there is some evidence to suggest that investment must be made to allow staff to attend professional meetings. The poorest performance was observed in laboratories with the smallest workload. In all cases where the average score was below three, the laboratories conducted 500 or fewer analyses per year (Fig.  2) . It was rather surprising that the availability of GCMS was not significantly correlated with performance, but this reinforces the observation that attention to detail, scientific awareness and experience are important factors and that good equipment cannot substitute for training and analytical rigour.
The results of the present study are similar to those obtained during proficiency testing organized in the USA? for biochemical genetics laboratories and covering a range of tests including organic acid analysis. In that study, the average percentage of organic acidurias correctly diagnosed was 62%, compared with an average of 66% in this survey. From these results and other considerations several recommendations can be made.
1. The difficulties encountered by established centres in making accurate diagnosis strongly supports the view that a proliferation of laboratories offering these services would be inadvisable. Indeed, it could be argued that those laboratories with a small workload should review their decision to provide a service. 2. Careful attention to detail and exhaustive peak annotation is rewarded by more accurate diagnosis. 3. The regular attendance of staff at relevant scientific symposia is advisable for those laboratories who are offering this service. 4. While GC alone can permit the helpful interpretation of organic acid analysis if performed carefully, the confident identification of minor amounts of key metabolites leading to a definite diagnosis is difficult. GCMS is the technique of choice for larger centres. 5. Membership of a relevant quality assurance scheme is desirable to highlight methodological inadequacies and extend the range and frequency of abnormal samples analysed.
These analyses are frequently only undertaken once to exclude a possible inherited metabolic defect and it is essential that they are performed reliably and interpreted satisfactorily. It was noted in the American study? that there did not seem to be a correlation between accreditation and performance, and rethinking of the criteria for accreditation was suggested. The accreditation of laboratories offering organic acid analyses and similar highly specialized services should take account of the information which can be provided by an appropriate quality assurance scheme to avoid similar difficulties in the UK.
